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S^' 2^' S^' CU, CZ, DE d£ dm, 

9-^; JP. KE, KG, KP, KR, KZ, LC, 

A^^^J-?' ^» MD. MG, MK, MN, 

MW, MX, MZ, NA, NI, NO, NZ, OM, PG, PH, PL, 

^2' SK SL. SY. TJ, TM 

' TZ, UA, UG, US. UZ, VC. VN, YU, ZA, 

?^%fJ'^*^'«.®**-«'^iS«»i6E«ll='): 
ARIPOCBW, GH, GM, KE, LS, MW, MZ, SD, SL, SZ, 
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GB' GR, HU, IE, IT, 
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PCT.^*U|lf«ifed&«§«f^-is%a«r:5#-^^%?^r 



^ V "r"!"* invention discloses a method for cultivating transgenetic plants with high virus resistance and the 

^ ^„^!^ ' comprise the following steps: a). Examining the colons usage frcqnenceJ Tok detS^™ 

^ r^h^JTSS t target gene. i.e. replacing certain codons of the target iene with HTn^s^^S^ 

^ (57)j%S 
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(Covey, SN, 1997, Nature, 385(27) : 781-782), ^mUmjILMM^M 1990 
^Napoli^ (NapoliC, et al. 1990, Plant Cell, 2 : 279-289 ; Van der Krol 
Ar, etal. 1990, Plant Cell, 2:291-299) ^m^m^^sm^jm (Chalcone 

synthase, CHS) cAsmmm^^mw^mi^o ^"f-^mm^^ cjismm 

(co-suppression)o ^umi^mmm-m\^R^mmmM^, ^^&^p^mm 
m^'^w.^mmmmmmmwmmw^ (ruiz mt, et ai. , 1993, piant ceii, 

10(6): 937-946; Dalmay T, et al. , 2000, Plant Cell, 12(3) : 369-379 )„ 

^mmu^m^^m^^i'mm. ^m. mmR^-^^ (Land. km. 

2001, Trends in Genetics, 17 (7):379)o 

^^^UW^MM. (Covey, SN, et al. 1997, Nature, 385(27) : 78 1-782 )o 

(Jones L, et al. 1999, Plant Cell, 11 (12) : 2291-301; Burton RA, et 
al. 2000, Plant Cell, 12(5): 691-706).. -^^Ammmm^^mmmm 

1*, mmwimMmummyiin., x^mm^mm^m^m=^(.^xciiff, fg. 

etal. 1999, The Plant Cell, U, 1207-1215)o ^StlSHJjIpl^^^Jg^ 

^^^mmmviw.^m.^.^^%mnK^^^,~j^-^mim (voinnet, o. 2001, 
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Trends in Genet, 17:449-459; Matzke, MA. et al, 2002, Adv Genet. 
46:235-75; Plasterk RH. Science, 2002, 17;296(5571) : 1263-5 .-Baulcombe DC, 
Trends Microbiol, 2002, ^ 10(7) : 306-8), 

mo 
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tmkmm. fa^^mmim^m^-:kM^m , ^iS6<JtRNA>Mfc^^^/jN ( Ikemura 
T. 1985, Mol. Biol. Evol. , 2:13-35; Antezana MA, 1999, J Mol Evol, 
49(l):36-43) , -»i^fe#WtRNA6<]?lkbk^»tRNA6<J^M^a^^>'h» 

mm^^7^:^m^:t^±^mm&tum, cdna 

Arah U 2. efck-^AGA/AGG^fii^iiO. S^fitiAra h S^iii^^Sm^o ^^^f^ 

argU> ileY^niueWSS, fitlAra h U 2. 6^ji$i 

'^JlOO^iB (Kleber-Janke T, et al. 2000, Protein Expr Purif, 19: 
419-424) o $PmffiGAmX>t^^gAlacZ^55|i(0RF)4', 

et al. 2001, Genes Dev, 15:2295-306) „ Chenm^m^LacZm^^^m^&^Js 

Wfilil-K:, (traffic jam), mtJUT mmW&^^m^'i^, 

^M^mimAmm (Chen, GFT., et al. 1990, Nucl Acids Res. 

18:1465-1473) „ mmmxmmi>mm^^mmn^mm-nmmmm (PGKi) 

f jEm6<J^?^^,:^mSe^ilia?^/>7lO^U^±(HoekemaA., et al. 1987, 

Mol. Cell. Biol. 7:2914-2924) » mwmm:$i:^m:^m&^mi^mi^^mn 

(Rocher EJE. et al. 1998, Plant physiol. 117:1445-1461) , g6<j 

^ 1 >^^#pBCPM ti^^mm^^ 

m 2 ^m^^im^m^m pvx^h^geaH^i^^#pcPM23oo m^i^ 
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m 3 ^^^^ PCPM2300 mi^ T.^m^m^ pgr ^mm^mmm 

m 4 PCPM2300 mi^ To^mWm Northern blot 

m 5 ^m^m pCMSAPH To ^XmW^ Noraem blot 

m 6 pvx ^jftHiig^ 

m 8 ^j^^fcbjg^ 

a 10 ^fc; PVX ^mmj^mmmmmm.mmmm 
0 ^M^ji: s,i^«?»^x (PVX) ^[^^m&mm^^mi'm^ 

'W^^^ GenBank ^BM^ Nicotiana tabacum R^^MM^ X (PVX) 

^hmm^mm (coat protein, cp) ^m^^mmi'm^mmm, m^m^^m 



^ 1 N Nicotiana tabacumO:)^B^^M^\s^^ 6^ W (P) * 



Amino 
acid 


Codon 


Freque 
■ of cod 


ticy(10*^) 
on uage 


Amino 
acid 


rCodon 


Frequency (lO*^) 
of codon uage 


Amino 
acid 


Qo6on 


Frequency (10"^) of 






T 


P 






T 


P 






T 


P 


Arg 


CGA 
CGC 
CGG 
CGU 
AGA 
AGG 


6.5 
4.0 
3.7 
7.6 

15.4 
12.2 


3.4 
4.4 
3.0 
2.5 
14.8 
15.9 


Leu 


CUA 

cue 

CUG 
CUU 
UUA 
UUG 


9.2 
10.2 
10.3 
23.9 
12.5 
21.4 


14.7 
18.1 
14.9 
11.2 
11. 1 
15.2 


Ser 


UCA 
UCC 
UCG 
UCU 
AGC 
AGU 


17,6 
10.4 
5.2 
20.2 
10.0 
13.1 


13.4 

10.3 

4.0 

9.5 

16.4 

12.0 


1 

Ala ' 


GCU 
GCA 
GCC 
GCG 


31.9 
22.8 
12.7 
5.8 


29.3 
28.8 
27.2 
7.9 


Gly 


GGA 
GGC 
GGG 
GGU 


24.0 
11.6 
10.5 
23.3 


18.1 
14.1 
10.3 
11.7 


Val 


GUA 
GUC 
GUG 
GUU 


11.3 
11,4 
16,5 
26.9 


10.3 
16.1 
19,7 
12.1 




ACA 


17.3 


29.6 




CCA 


20.4 


20.7 










Thr 


ACC 


9.9 


20.1 


Pro 


GCC 


6,8 


11.9 




AUA 


14.4 


13.1 


ACG 


4.5 


7.0 


CCG 


4.8 


8.6 


He 


AUC 


13.8 


24.6 




ACU 


21.1 


26.2 




ecu 


18.9 


12.0 




AUU 


27.5 


18.5 


Lys 


AAA 
AAG 


32.0 
33.4 


28.3 

37.0 


Asn 


AAC 
AAU 


18.9 
27.7 


23.7 
16.0 


Glu 


GAA 
GAG 


35.1 
28.7 


32,2 
33.8 


j Gin 


CAA 

CAG 


21.6 
15.4 


20.1 
16.7 


His 


CAC 
CAU 


8.7 
13.1 


15.6 
10.7 


Asp 


GAC 
GAU 


17.0 
36.1 


29.1 
18.6 


Tvr 

1 


UAC 
UAU ( 


13,6 
18.0 1 


19.7 
9.5 




UGC 
UGU 


7.7 
10 


8.6 
6.7 


Phe 


UUC 
UUU 


!7.9 
24.2 


1 

16.6 
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14 



gctcta^atgtcagcaccagctagcacaac 
ggggiiecctggtggtggtagagtgac 
gctctagagatgtcagcgcc^cgagcacaac 
aacaggcctgacgctgtcgcag 

agtgt^acacctctttaatcgccgccgccag 

aaaactgcaggcgcgacgccggcgacagcgtc 

gatgttaacgaacaactcgccgccggcgaactg 



Xbal 
Kpnl 
Xbal 
StuI 
ApdLl 
Pstl 
Hpa\ 



i^pBCPW^m, mm^^mm^^Rm (Polymerase Chain Reaction, 

PGR) Rm\m^mm-^m, 

CaMV6tl35SB^^T, ^Jiffi ^coR I Si ^i/7d Iim^ pSPRCPM, ^E-^W PVX 

P35S-CPM-Tnos ^AHJ pCNPTII2300 ^ , ^^^^ft 

PCPM2300 (^^gTt$n©2Bf^) , nn^^T^^m^m^^m. 

§&^H.6tJffl^^ii^#pCPW2300o #M BIO-DAD ^^{^a<ji^&BJ:^$, 
^M^J3: 

« ..v-v^^^ ,^ porm^ouu >rM pL^rvKZcJUU H^J^R;ciftM LBA4404 20inl 
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YEB (-^ Km, Rif #50mg/L)28°Ci^:)fc:^#ill^, ^5c0^2%-4 

%mmmmmmt^ yeb m^m^ (^z.mrmm loo u m/d , 

>bt, iaAmmm&t^mm±m^mmmm 3-5 min M^Rt^s^^^^Jt^^ 

±, 28-CBf^#2-3 do mB^75 mg/L Kan fi^f^^g-ff 3^, ^fftfttt/h 
f#5lJ6tJin;'l4/jN^#^^75 mg/L Kan 6tJ^#S±ia-i^^tg^^^ 

K DNA 

ml g/l CTAB, 1.4 mol/L NaCl, 0.2% ^ 

M^Z^m, 20 mmol/L EDTA, 100 mmol/L Tris-HCl, pH8. 0) „ eOVj^ 

U30 min, ^najfe^m^^ Mj^iumi^mmum i^j^w (24:1) 

MDM, iaA^J>imm(i^mi^m^76%&^Z.m, 10mmol/LNH,Ac)^^ 
mit-^, ^:^^^ 500 Kil TEm^maO mmol/L Tris-HCl (pH8. 0) , 
1 mmol/L EDTA)^^DNAo BtjgJqA RNase A 10 mg/L), 37°C 

^M3o min, mkmmi^m^^m. ^m:mi^:^}zm(25:24:i). m. 

^: ^}Zm(24'. l)^^m~'/k, 7jC^ipA2.5^#^^7K2»i?^JL?t DNAo 

mATMBrnm^ 100 ni55^7X4'o 

2. PCR^jti!) 

PCPW2300 (46 |5!c) ^0 pCPM2300 (74) To j"^^ 120 ^irttt 

'^m^itj^^m.wmfpcRWML m.i ^l dna mmuM^pcR^Mo 

50 Ml 6<J^j3Z#:^^'a^g: 5 ^1 lOXPCR^jS^i^^^. 1 ixl 10mM^|% 
PK 1 ^1 10 mM^|i^P2. 1 Hi dm mU. 4 |li1 2. 5mM dNTP, #iP5Eti 
7XS.^#^R 50 [lie PGR ^jSd^#$nT: 94'C5^5g1li 5 min, 94*C^tt 1 
min> 52"Cftttl min> 72''C|I# 1. 5 min, mf 30^m^-, MB 72'C 

5i#iomino ^ioiiipcRf-mm'^w.mm^mwMi, ^mnmsm^, 

I. DL2000 Marker; 2. PHttX^^, pCPISAPH2300 3. MM, 
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mmmmm 4-12. m pcpisApmi^^mmmmWo pcRm^^mm^. 
3> m^.^ RNA fyijmm 

^mm^; ;!jno.i^#iRS<j2MNaAc (PH4.5) , M^jsiJuA 1 mi^m&^ 

ymmmm^, mQXo.2wmmui^: ^izm (49:i) , mtimmm 

^^Wl5min, 10,000g, 4'CiiJ.C. 20min; m.M±m, MAmi^m^ 

^nmm^ ih; 10,000, 4'ct^^iim5^i4'M^±«, 

A 1/10 3MNaAc(pH5. 4^ 2 i^i^m^^^Z^mmt^ RNA, 10. 000 

g^'C^ 15iDinM^±?», 75%6tfZ:»^j5fe-^!J;:, RNA ^Jil^^B^^jg^ 

50nl5ERNase 6tJXK^^, j^a^-70°C#^o 
4^ Northern Blot ^i^ff 

M PCPM2300 mitmWRm^ pCPW2300 i^^te;^ja^f Northern blot 

^20iigmA^i.2%m^^m^m^mmmmm7kmz/4^, ^20 

XSSC Hybond-r (Araersham pharmacia) M±, m^B^fm. 2xSSC 4- 

^Jfe-T, 80'C*^^^2 ho ^'^W7%SDS(W/V)S<J0.5M«|ft^^y^4>65 
°C^^$2ho m\.a-''?UCT? (Amersham Pharmacia) M^n.?|i^^:a^f$^#f;^' 
iBCPromega^-BiiSi^J:^), Qb'C^^n.^, 0. IxSSC GS-C^SfeU, >EX^>t-, 
^1^14 iM:^, ^m$P®4. a 5^^, ffl4«t'a: 1-8 

b: IBsrRNA; ffl 5 a: 1, ^ pCNPT-II ^^1; 2-12^^ 
^^^iJ'h^ge^S (c/7) b; IBsrRNAo >^©4'nIlM#tB^^:^h^g 

ess (c/7) ^^TSaetl^yi^ (®4 4'K 2^ 8^9#^?,^^^i±|g^^ 
^) , ^-i.cP»@fitlinRNAm»flJM{ft^7jc^^^h»SaS@ (c/7) mRNASt} 

m Promega >^3^^^T^^lJ#iift^^ pP2C2S PVX ^ Spe I M 

m^^m'^SLVcm, ffi Promega #^h2^^U3^!J:i:a^T#^|>2^^, f5fe*PA#i^|> 
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mmmH^m, nmk1}Q\Al?,mP,CTP(^2iM). 0.2mMGTP. O.SmM 

m7G(5')PPP(5')Gi|i^. RNA ^^^J^J (Pharmacia) . ^14 DNA ^ T7RNA 

m, ^ 371C^i3Z30minB, SWPA OTP M^?^c^^ 2inM, 37'CMj^ 1 h Jg. 

7Kmmm/m.i^mm-iik, iax i/io wm&^ NaAc (phs. 4) m 2 i^wm&^^7K 
mmn&^ pvx rna mmm pcpw23oo r pcpm23oo ^mmrn^ Jo^xm. 

^M^mo mmmSSuliK CDEPC^^, -^SOmM^^^^^^pHZ.O, 5 
grit Carborundum) fem^T0fitI'j©^f^^>i-±B. ft^^:^^ 25'C^M^# 16 

/jNH>fBs^20'CHt^#8/jNHt, :tj5 25-c:^#, Mm^^^mw^mm^m 
m^, ^m$p^ 3 6-9 



























i^ii (%) 


"^ifi (%) 




6tifcb^(%) 


^^^mm^ (CPM) 


33 


8 


10 
(30.3%) 


12 (36%) 


3 


73 
















^ (CPW) 


30 


4 


6 (20%) 


10 (33%) 


10 


53 




10 




0 


1 (10%) 


9 


10 



®6«f A: ^mmnmmmmm b: ^^«eti^pcPM23ooa;^; c: 
pcpM23oo*t^^m£±i^«H^; D: cpmmmmitmm 

pCPM2300tt^^5SLtBi^in:«; ® 7 ^ A: ^N^^^S^S;^; B. C: pCPW2300 

mmmnmi d. e, pcpm23oo ^mmmm; ms^A-. pcpw23oo mmmmw 

^tftm-^; B: PCPM2300 i^^^Jbt; C: pCPM2300 ^^^S^t^'^^j^;!^. D: 
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:z|s:^0jX?|-:%l$'a:X^^^h^^^ (coat protein, cp) ^m^^^m^' 
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8. fe^y^^ie<i:^r?4^^Wi^in:iipi«j^S@lti^4'6<j;Sffio 



10 
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Nael 




m 2 



1/5 



wo 2004/065597 



PCT/CN2004/000069 




2/5 



wo 2004/065597 



PCT/CN2004/000069 




wo 2004/065597 



PCT/CN2004/000069 




wo 2004/065597 



PCT/CN2004/000069 



1 gCtCtegaig^G TCA GCA CCA GCT ACSC A(?A ACA CAG CCC ATA GGG TCA ACT ACC TCA Xbal 

MSAPASTTQpj GSTTS 
48 ACT ACC ACA AAAi^:GCAOGC OCA ACT%cf 3CC ACA GCT TCA G<g CTfO 
_r T T K T A G A T P A T A S G T. 
96 TTC ACC ATC CCG GAT GGG GAT TTC TTT AGT ACA GCC CGT GCC ATA GTA 
FTTPDGDFFSTArAIv 
144 GCC AGC AAT GCT GTC GCA ACA AAT GAG GAC CTC AGC AAG ATT GAG GCT 
ASNAVATNEDL SK IE A 
196 ATTTGG AAG GAC ATG AAG GTG CCC ACA GAC ACT ATG GCA CAG GCT GCT 

iwkdmkvptdtmaqaa 

244 TGG GAC kjA GTC AGA CAC TGT GCT GAT GTA GGA TCA TCC GCT CAA ACA 
WdLVR HCADVG S SAO T 
292 GAA ATG ATA GAT ACA GGT CCC TAT TCC AAC GGC ATC AGC AGA GCT AGA 

E DT GPYSNGI S R Ar 

340 <?rG GCA GC^ Gc2 ATT AAA GAG GllajgC ACA CTT AGG CAA TTT TGC ATG ^aL I 

LAAAIKEVCTLROFCM 

388 AAGTATGCTCCAGTGGTATGGAACTGGATGtTA'XiBTAACAACAGTCCA ^P"^ 

^,Y AP VVWNWMLTNN S P 
— Q. u ^ 

436 CCT GCT AAC TGG CAA GCA CAA GGT TTC AAG CCT GAG CAC AAA TTC GCT 

panwqaqgfkpehic fa 

484 GCA TTC GAC TTC TTC AAT GGA GTC ACC AAC CCA GCT GCC ATC ATG CCC 
AFDFFNqVtNP aatmp 

532 AAA GAG GGG CTC ATC CGG CCA CCG TCT GAA GCT GAA ATG AAT GCT GCC 
KE GLIRPPSEAEMNAA 

580 CAA ACT GCT GCC TTT GTG AAG ATT ACA AAG GCC AGG GCA CAA TCC AAC 

QTAAFVKITKARAQSN 
628 GACTTTGCCAGCCTAGATGCAGCTGTCACTCGAGGTCGTATCACTGGA 

DF ASLDAA y T R G R I T G 
676 ACAACAACCGCTGAGGCTGTTGTCACTCTACCACCACCATAA iggteCCCC J^pnl 

tttaeavvtlppp 



m 10 
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<160>2 

<210>1 

<211>731 

<212>DNA 

<213>^i^mmm X CPotexvirus. Potato virus X) 
<400>1 

gctctagaga tgtcagcacc agctagcaca acacagccca tagggtcaac tacctcaact 60 

accacaaaaa ctgcaggcgc aactcctgcc acagcttcag gcctgttcac catcccggat 120 

ggggatttct ttagtacagc ccgtgccata gtagccagca atgctgtcgc aacaaatgag 180 

gacctcagca agattgaggc tatttggaag gacatgaagg tgcccacaga cactatggca 240 

caggctgctt gggacttagt cagacactgt gctgatgtag gatcatccgc tcaaacagaa 300 

atgatagata caggtcccta ttccaacggc atcagcagag ctagactggc agcagcaatt 360 

aaagaggtgt gcacacttag gcaattttgc atgaagtatg ctccagtggt atggaactgg 420 

atgttaacta acaacagtcc acctgctaac tggcaagcac aaggtttcaa gcctgagcac 480 

aaattcgctg cattcgactt cttcaatgga gtcaccaacc cagctgccat catgcccaaa 540 

gaggggctca tccggccacc gtctgaagct gaaatgaatg ctgcccaaac tgctgccttt 600 

gtgaagatta caaaggccag ggcacaatcc aacgactttg ccagcctaga tgcagctgtc 660 

actcgaggtc gtatcactgg aacaacaacc gctgaggctg ttgtcactct accaccacca 720 

taaggtaccc c ygj 

<210>2 

<212>DNA 
<213>AXJ^^iJ 

<220> 
<223> 

<400>2 

gctctagaga tgtcagcgcc agcgagcaca acacagccca tagggtcaac tacctcaact 60 

accacaaaaa ctgcaggcgc gacgccggcg acagcgtcag gcctgttcac catcccggat 120 

ggggatttct ttagtacagc ccgtgccata gtagccagca atgctgtcgc aacaaatgag 180 

gacctcagca agattgaggc tatttggaag gacatgaagg tgcccacaga cactatggca 240 

caggctgctt gggacttagt cagacactgt gctgatgtag gatcatccgc tcaaacagaa 300 



1/2 
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atgatagata caggtcccta ttccaacggc atcagcagag ctagactggc ggcggcgatt 360 

aaagaggtgt gcacacttag gcaattttgc atgaagtatg ctccagtggt atggaactgg 420 

atgttaacga acaactcgcc gccggcgaac tggcaagcac aaggtttcaa gcctgagcac 480 

aaattcgctg cattcgactt cttcaatgga gtcaccaacc cagctgccat catgcccaaa 540 

5 gaggggctca tccggccacc gtctgaagct gaaatgaatg ctgcccaaac tgctgccttt 600 

gtgaagatta caaaggccag ggcacaatcc aacgactttg ccagcctaga tgcagctgtc 660 

actcgaggtc gtatcactgg aacaacaacc gctgaggctg ttgtcactct accaccacca 720 

taaggtaccc c 731 



2/2 



INTERNATIONAL SEARCH REPORT 


International ^plication No. 

PCT/CN 2004 / 000069 


A. CLASSmCATION OF SUBJECT MATTER 

Inter: C12N 15/09. 15/63. 15/64. 15/65. 15/82 . 5/04. AO IH 1/00, 5/00 
According to Meraationa] Patrat Qassification (IPC) or to bofli natiwial classification and IPC 


B. FIELDS SEARCHED 


Mnrnnum documentation searched (classification system followed by classification symbols) 

Intel.': C12N, AOIH 


Documentahon searched other than minimum documentation to the extent that such documents are included in the fields searched 

Inta.'s C12Q. AOIN 


Electronic data base consulted dunng the international search (name of data base and. where practicable, search teims used) 
EPODOC> WPI. PAJ, CPRS^ CNKI. CA, MEDLINE^ BA 


c. Doa 


JMENTS CONSIDERED TO BE RELEVANT 


Category* 

A 
A 


Citation of document, with indication, where ^opriate, of the relevant passages 

C^ese Science Bulletin, Vol.48 No.l2, 30.Jun.2003 (30.06 J2003), FENG Dejiang et al, ''Silencim 
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